The cellular slime moulds are a group of organisms that are truly microbial when in the vegetative or growth phase oftheirlifecycleand yet have the ability to form multiceIlular aggregates with a definite morphology when in the differentiation or non-growing phase of their life cycle (for a review of the biology of these organisms see Bonner, 1967) . In the vegetative phase the cellular slime moulds exist as solitary amoeboid cells, which, in Nature, feed on soil bacteria. If such amoebae are placed on a moist solid surface (such as an agar plate) in the absence of any utilizable nutrients then the individual amoebae stream towards central collection points called aggregation centres. Species differ in the form of the streams and the size and shape of the resulting aggregate, but in all cases the process seems to be the result of a chemotactic response by the non-growing cells to a substance ('acrasin') produced by the aggregation centres. These aggregation processes have fascinated cell biologists for years (for a review of the early work see Shaffer, 1962) , but more widespread interest was stimulated by the observation that cyclic AMP acted as if it were 'acrasin' in a number of the biological assays for this, hitherto rather elusive, substance (Konijn et al., 1967) . It was soon shown that amoebae of Dictyostelium discoideum (the most widely studied species) synthesize and secrete cyclic AMP (Barkley, 1969; Konijn et al., 1969) and also an enzyme, cyclic AMP phosphodiesterase, that hydrolyses cyclic AMP (Chang, 1968). It had long been suspected, from the extreme instability of some acrasin preparations, that the amoebae secreted a proteinaceous 'acrasinase' (Sussman et al., 1956; Shaffer, 1956) , and so the observation that the amoebae secreted a cyclic AMP phosphodiesterase strongly supports the identification of cyclic AMP with acrasin. Although it now seems quite clear that cyclic AMP acts as the chemotatic attractant for Dictyostelium discoideum amoebae and also for the amoebae of Dictyostelium purpurem, Dictyostelium mucoroides and Dictyostelium rosarium, i t does not appear to be identical with the acrasin used by Dictyostelium minutiim, Polysphondylium pallidum or Polysphondylium violaceum amoebae (Bonner et al., 1972) . However, it should be noted that assays for acrasin and acrasin-like substances do not simulate all aspects of the natural aggregation process, and it is conceivable that in these three species some parameter of the signalling process has a value such that the normal acrasin assays do not give a positive result. The other interpretation, of course, is that these species have a chemically quite distinct acrasin, and this view is supported by the work of Pan et al. (1972), who have shown that vegetative amoebae of all seven of the species listed above are more strongly attracted to folic acid (and some chemically related compounds) than they are to cyclic AMP. In the case of D . discoideum it would seem that the amoebae use their chemotactic response to folk acid to track down bacteria and their response to cyclic AMP to track down each other, but it is conceivable that other species might use the one response for both functions.
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In D . discoideum we thus have the situation that the chemical mechanisms underlying a morphogenetic process are known, at least in outline, and recent work has concentrated on attempting to interpret the morphogenetic events in terms of the known biochemistry of cyclic AMP synthesis and degradation. It is clear that we are far from being able to offer a satisfactory interpretation, and the three main approaches being used do not, at the moment, show many signs of convergence.
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Theoretical studies
The apparent simplicity of the problem posed by the aggregation processes has stimulated two groups of theoretical biologists to attempt a mathematical analysis of the problem and thus identify those parameters that are critical for various theories of how cyclic AMP may act. Keller & Segel(1970a,b) have concentrated on the problem of how aggregation may start and have shown that it is not necessary to postulate the existence of a special class of 'initiator' cells [described by Ennis & Sussman (1958) for D. discoideum] or 'founder' cells [described by Shaffer (1961) for P . pallidum] for aggregation to occur. The actual existence and role of 'founder' cells and, especially, 'initiator' cells therefore remains somewhat controversial (for one view of their nature see Ashworth & Sackin, 1969) . Cohen & Robertson (1971) have concentrated on adapting the general theory of Goodwin & Cohen (1969) to explain the spatial and temporal organization of the cells during aggregation. Arndt (1937) first observed that the inward movement of the aggregating cells occurred in a discontinuous pulsatile fashion, and Gerisch (1965) has carefully measured and described the pulsatile movements of D. minutum amoebae. Shaffer (1957) suggested that this form of movement could be the result of a relay system in which cells received a cyclic AMP signal, entered a refractory period when they could not detect cyclic AMP, and then acted as sources of a further 'pulse' of cyclic AMP. These ideas have been put into quantitative form by Cohen & Robertson (1971) , who have shown that many aspects of the aggregation behaviour can be explained if certain values are assumed for the refractory period, the threshold value for response to cyclic AMP etc.
Descriptive studies
As the mathematical descriptions of the aggregation process become more precise, so the predictions of the various models become more detailed, and thus ever-more-precise descriptions of the morphogenetic process itself are needed to discriminate between these models. Shaffer (1962) and Gerisch (1965) showed that travelling waves of cellular movement could be propagated as expanding rings or as spirals as well as by pulses along the arms of aggregation streams. Quantitative analysis of these various forms of wave propagation have further defined the cellular properties involved in cyclic AMP signalling (Durstone, 1973) . Since D. discoideum amoebae are haploid it is relatively easy to obtain mutants impaired in some aspect of the aggregation process. Comparison of the (aberrant) aggregation patterns formed by such mutants with the wild-type patterns has enabled the critical events in the process to be identified more precisely and gives a series of stocks that will be useful for subsequent biochemical studies (Durstone, 1973) .
Biochemical studies
By using a protein binding assay of the kind first described by Gilman (1970) , have shown that there is a marked rise in the concentration of extracellular cyclic AMP during aggregation and also, rather unexpectedly, at the time of fruiting-body construction. Associated with this increase in extracellular cyclic AMP there is the excretion of a cyclic AMP phosphodiesterase with a low K,,, (approx. 7 x 1 0 -6~) for cyclic AMP. This enzyme, first reported by Riedel & Gerisch (1971) , appears to differ from that reported by Chang (1968) , which has a high K,, (2 x 1 0 -3~) for cyclic AMP. Chassy (1972) has reported that the low-K., enzyme can be converted, spontaneously, into the high-Km form, and that this might be a way of regulating the extracellular phosphodiesterase activity since the concentration of cyclic AMP is such that only the low-K,,, enzyme would be expected to function as an efficient 'acrasinase'. Riedel & Gerisch (1971) have, however, described an additional and very specific regulator of the extracellular phosphodiesterase activity. When the amoebae exhaust their available nutrients and cease growing there is a rapid disappearance (within 2h) of extracellular phosphodiesterase activity due to the excretion, by the cells, of a proteinaceous VOl. 2 factor (mol.wt. 1: 60000) that binds to and inhibits thelow-& phosphodiestersaein anoncompetitive manner . The synthesis and excretion of this inhibitor have been correlated with the development, by the cells, of 'aggregation competence' , and the same authors have shown that, of those species that do not respond chemotactically to cyclic AMP, D. rniriutum and P. pallidum form neither a phosphodiesterase nor its proteinaceous inhibitor and P. violuceum produces only a cyclic AMP phosphodiesterase. Studies of a variety of mutants of D. discoideum unable to aggregate (Riedel et ul., 1973) have further supported the hypothesis that the phosphodiesterase-inhibitor control system plays a role in aggregation.
The role of cyclic AMP in the cellular slime moulds differs from its role in other systems in the sense that in most other systems cyclic AMP acts intracellularly as a 'second messenger' whereas during aggregation cyclic AMP acts extracellularly and is thus the 'first messenger'. There must therefore be receptors on the cell surface that interact with cyclic AMP. Malchow ef al. (1972) havedescribed amembrane-bound phosphodiesterase that they suggest could be a cyclic AMP receptor. Rossomando & Sussman (1972) have shown that there is little change in specific activity of adenylate cyclase during the life cycle of D. discoideum but that this enzyme is absolutely dependent for activity on AMP (Rossomando & Sussman, 1973) . They have also described a cyclic AMP-dependent ATP pyrophosphohydrolase and suggest that these two enzymes work in concert to account for the fact that cells secrete cyclic AMP after having been exposed to it.
From these facts the outline of a working hypothesis can be constructed. During the growth phase the amoebae excrete large quantities of cyclic AMP phosphodiesterase and are relatively unresponsive, chemotactically, to cyclic AMP itself. As the amoebae run out of nutrients they excrete an inhibitor of the cyclic AMP phosphodiesterase and become sensitive to cyclic AMP. A cell, on adsorbing a cyclic AMP molecule, activates the ATP pyrophosphohydrolase activity, producing AMP, which, in turn, activates the adenylate cyclase and produces more cyclic AMP. The kinetics of response of these enzymes to their substrates and/or effectors gives rise to the refractile period and thus to the pulsatile movement of the cells.
Finally, there is evidence that cyclic AMP can affect cellular-slime-mould cells at stages other than aggregation. Bonner (1970) has reported that, if isolated amoebae are exposed to high concentrations ofcyclic AMP, they differentiate into isolated stalk-like cells. Malkinson &Ashworth (I 973) havereported that theconcentration ofextracellular cyclic AMP rises during fruiting-body construction, and Malkinson et ul. (1973) have shown that the concentration of a soluble intracellular cyclic AMP-binding protein reaches a maximum at this time. These observations are in agreement with the idea that cyclic AMP may act intracellularly during the differentiation of stalk cells as well as extracellularly during aggregation.
